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1,4 DIAMINO BICYCLIC RETIGABINE 
ANALOGUES AS POTASSIUM CHANNEL 

MODULATORS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Application Ser. No. 60/867,482 ?led Nov. 28, 2006. 

FIELD OF THE INVENTION 

This invention concerns compounds that modulate potas 
sium channels. The compounds are useful for the treatment 
and prevention of diseases and disorders Which are affected 
by modulation of potassium ion channels. One such condition 
is seiZure disorders. 

BACKGROUND OF THE INVENTION 

Retigabine (N-[2-amino-4-(4-?uorobenZylamino)phenyl] 
carbamic acid, ethyl ester] (US. Pat. No. 5,384,330) has been 
found to be an effective treatment of seiZure disorders. Bialer, 
M., et al., Epilepsy Research 1999, 34, 1-41. Retigabine has 
also been found to be useful in treating pain, including neu 
ropathic and chronic pain. Blackburn-Munro and Jensen, Eur. 
J. Pharmacol. 2003, 460, 109-116. It also exhibits potent 
anxiolytic effect in various animal models. Blackburn-Mu 
nro, G. et al, CNS Drug RevieWs 2005, 11, 1-20. 

Benign familial neonatal convulsions, an inherited form of 
epilepsy, has been associated With mutations in the KCNQ2/ 3 
channels. Biervert, C., et al., Science 1998, 27, 403-06; 
Singh, N. A., et al., Nat. Genet. 1998, 18, 25-29; Charlier, C., 
et al., Nat. Genet. 1998, 18, 53-55, RogaWski, Trends in 
Neurosciences 2000, 23, 393-398. Subsequent investigations 
have established that the site of action of retigabine is the 
KCNQ2/3 channel. Wickenden, A. D. et al., Mol. Pharmacol. 
2000, 58, 591-600; Main, M. 1., et al., Mol. Pharrncol. 2000, 
58, 253-62. Retigabine has been shoWn to increase the con 
ductance of the channels at the resting membrane potential 
and to bind the activation gate of the KCNQ2/3 channel. 
Wuttke, T. V., et al., Mol. Pharmacol. 2005, 67, 1009-1017. 

The recognition of the site of action of retigabine has 
prompted a search for other KCNQ 2/3 activators among 
compounds related to retigabine. WO 2004/058739 describes 
several compounds in Which a thienylmethylamino or ben 
Zothienyl methylamino group replaced the 4-?uorobenZy 
lamino group of retigabine; these compounds Were reported 
to be useful as KCNQ 2/3 activators. WO 2004/80950 and 
WO 2004/ 82677 describe such compounds Where the 4-?uo 
robenZylamino group of retigabine is replaced by a pheny 
laminomethyl group. WO 2004/96767 reports compounds 
Which are N-[1-benZyl-4-aminoindol-5-yl]carbamic acid 
esters. WO 2005/087754 describes a class of reputed KCNQ 
2/3 activators that are N-phenyl carbamic acid esters or 
N-phenyl-amides (for example, N-phenyl acetamides), but in 
Which the central phenyl group lacks an amino group at the 
2-position. Typical compounds are N-(2,6-dimethyl-4-(mor 
pholinyl-4-yl)-phenyl)-carbamic acid benZyl ester and 2-cy 
clopentyl-N-(2,6-dimethyl-4-[2-(4-tri?uoromethyl phenyl] 
morpholinyl-4-yl)-phenyl)-acetamide. 

SUMMARY OF THE INVENTION 

The present invention relates to compounds that modulate 
potassium channels. More particularly, the present invention 
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2 
relates to treatment and prevention of diseases and disorders, 
such as seiZure disorders, Which are affected by modulation 
of potassium ion channels. 
The compounds of the present invention are bicyclic reti 

gabine analogues Which activate potassium channel activity, 
and are thereby useful for treatment for conditions such as 
seiZure disorder, Without producing signi?cant systemic side 
effects When administered systemically. 

In one embodiment, this invention is directed to com 
pounds of formula I, 

Where G is iOi, iSi, 4C(gl)(g2)-, or iNHi, Where 
g1 and g2 are, independently, H, phenyl, halogen, methoxy, 
halomethyl, methoxymethyl, or C 1 -C3 alkyl; n:1, 2, or 3, Arl 
is a 5- to 10-member mono- or bicyclic aromatic group, 
optionally containing 1-4 heteroatoms selected indepen 
dently from N, O, and S; R1 and R2 are selected, indepen 
dently, from H, CN, halogen, CH2CN, OH, NO2, CHZF, 
CHF2, CF3, CF2CF3, Cl-C6 alkyl, ORS, C(:O)R9, 
C(:O)0R10: OC(:O)R11: SR12> NR13C(:O)R14> NR13 
C(:NH)R14> C(:O)NR15R16> CH2C(:O)NRl5Rl6’ 
CH3NHC(:NH)i, CH3C(:NH)NHi, CH2C(:NH) 
NH2> NRl7Rl8’ SO2R19s N(R20)SO2R21s SO2NR22R23s 
C3-C6 cycloalkyl, C5-C6 cycloalkenyl, C2-C6 alkenyl, or 
C2-C6 alkynyl; U is N or CR'; R', R3, and R4 are, indepen 
dently, H, halogen, C1_6 alkyl, Which C1_6 alkyl group option 
ally substituted With 1 or 2 groups selected, independently, 
from OH, halogen, Cl-C3 alkyl, OCl-C3 alkyl, or tri?uorom 
ethyl; X:O or S; Y is O or S; Z is H, halogen, OH, CN, 
CH2CN, Cl-C6 alkyl, C3-C6 cycloalkyl, O4Cl-C6 alkyl, 
(CH2), C3-C6 cycloalkyl, Oi C3-C6 cycloalkyl, 
Oi(CH2)WC3-C6 cycloalkyl, (1:1 or 0; R5 is Cl-C6 alkyl, 
(CHR6)WC3-C6 cycloalkyl, (CHR6)WCH2C3-C6 cycloalkyl, 
CH2(CHR6)WC3-C6 cycloalkyl, (CHR6)WC5-C6 cycloalk 
enyl, CH2(CHR6), C5-C6 cycloalkenyl, C2-C6 alkenyl, C2-C6 
alkynyl, Ar2, (CHR6), Ar2, CH2(CHR6)WAr2, or 
(CHR6)WCH2Ar2, Where W:0-3, Ar2 is a 5- to 10-member 
mono- or bicyclic aromatic group, optionally containing 1-4 
ring heteroatoms selected independently from N, O, and S; R6 
is H or C l-C3 alkyl; and R8-R23 are, independently, H, C l-C6 
alkyl, C3-C6 cycloalkyl, (CHR6)WC3-C6 cycloalkyl, C2-C6 
alkenyl, C2-C6 alkenyl, C2-C6 alkynyl, Where all alkyl, 
cycloalkyl, alkenyl, alkynyl, aryl, groups are optionally sub 
stituted With one or tWo substituents selected independently 
from Cl-C3 alkyl, halogen, OH, OMe, CN, CH2F, and trif 
luoromethyl; Where, additionally, the alkenyl and alkynyl 
groups are optionally substituted With phenyl or C3-C6 
cycloalkyl; and Where all cycloalkyl groups optionally con 
tain one or tWo ring heteroatoms selected independently from 
N, O, and S. Such compounds are potassium channel modu 
lators. 

DETAILED DESCRIPTION OF THE INVENTION 

In general, the compounds of the invention can be prepared 
by processes knoWn in the chemical arts, particularly in light 
of the description contained herein. Certain processes for the 
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manufacture of the compounds of the invention are provided 
as further features of the invention and are illustrated in the 
reaction schemes provided below and in the experimental 
results section. The use of various protecting groups in these 
reactions are also Well knoWn and are exempli?ed in Protec 
tive Groups In Organic Synthesis, Second Edition, T. W. 
Greene and P. G. M. Wuts, John Wiley and Sons, Inc. 1991, 
pages 227-229, Which is hereby incorporated by reference in 
its entirety for all purposes. 

The utility of the compounds of the invention as medical 
agents for modulating potassium channels and accordingly to 
treat disorders Which are affected by activation of such chan 
nels, is demonstrated by the activity of the compounds in 
conventional assays, such as those described in the experi 
mental and biological results section provided beloW. Such 
assays also provide a means Whereby the activities of the 
compounds can be compared to each other and With the 
activities of other knoWn compounds. The results of these 
comparisons are useful for determining dosage levels in 
mammals, including humans, for the treatment of such dis 
eases. 

As used herein, the terms “comprising” and “including” 
are used in their open, non-limiting sense. 
As used herein, the term “substituted,” means that the 

speci?ed group or moiety bears one or more substituents. The 
term “unsubstituted,” means that the speci?ed group bears no 
substituents. 
As used herein, the term “optionally substituted” means 

that the speci?ed group is unsubstituted or is substituted by 
one or more substituents. 

As used herein, the term “alkyl” means a straight or 
branched chain saturated hydrocarbon. Exemplary alkyl 
groups include but are not limited to methyl, ethyl, propyl, 
isopropyl, n-butyl, sec-butyl, ter‘t-butyl, pentyl, isopentyl, 
neopentyl, tert-pentyl, l-methylbutyl, 2-methylbutyl, 3-me 
thylbutyl, hexyl, isohexyl, heptyl, octyl and the like. 
As used herein, the term “alkenyl” means a straight or 

branched chain hydrocarbon having at least one double bond, 
i.e., a C:C. Exemplary alkenyl groups include but are not 
limited to vinyl, propenyl, butenyl, pentenyl, hexenyl, hepte 
nyl, octenyl and the like. 
As used herein, the term “alkynyl” means a straight or 

branched chain hydrocarbon having at least one triple bond, 
i.e., a CEC. Exemplary alkynyl groups include but are not 
limited to acetylenyl, propargyl, butynyl, pentynyl, hexynyl, 
heptynyl, octynyl and the like. 
As used herein, the term “cycloalkyl” means a cyclic satu 

rated hydrocarbon. Exemplary cycloalkyl groups include but 
are not limited to cyclopropyl, cyclobutyl, cyclopentyl, cyclo 
hexyl, cycloheptyl, cyclooctyl and the like. 
As used herein, the term “cycloalkenyl” means a cyclic 

hydrocarbon having at least one double bond, i.e., a C:C. 
Exemplary cycloalkenyl groups include but are not limited to 
cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclohexenyl, 
cycloheptenyl, cyclooctenyl and the like. 
As used herein, the term “cycloalkenyl” means a cyclic 

hydrocarbon having at least one triple bond, i.e., a CEC. 
Exemplary cycloalkynyl groups include but are not limited to 
cyclohexanyl, cycloheptenyl, cyclooctynyl and the like. 
As used herein, the term “alkoxy” means a straight or 

branched chain saturated alkyl group bonded through oxy 
gen. Exemplary alkoxy groups include but are not limited to 
methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, 
tert-butoxy, pentoxy, isopentoxy, neopentoxy, tert-pentoxy, 
hexoxy, isohexoxy, heptoxy, octoxy and the like. 
As used herein, the term “alkylene” means a straight chain 

or branched chain saturated hydrocarbon Wherein a hydrogen 
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4 
atom is removed from each of the terminal carbons. Exem 
plary alkylene groups include but are not limited to methyl 
ene, ethylene, propylene, butylene, pentylene, hexylene, hep 
tylene and the like. 
As used herein, the term “cycloalkylaryl” and “(CH2)t(C3 

C12)cycloalkyl(C6-Clo)aryl” includes linear and/or fused 
ring systems such as 2,3-dihydro-1H-indene, 2-methyl-2,3 
dihydro-lH-indene, 1,2,3,4-tetrahydronaphthalene, 2-me 
thyl-1 ,2,3,4-tetrahydronaphthalene, 1 -cyclopentylbenZene, 
1 -(2-methylcyclopentyl)benZene, 1 -(3 -methylcyclopentyl) 
benZene, 1-cyclohexylbenZene, 1-(2-methylcyclohexyl)ben 
Zene, 1-(3-methylcyclohexyl)benZene, 1-(4-methylcyclo 
hexyl)benZene, and the like 
As used herein, the term “halo” or “halogen” means ?uoro, 

chloro, bromo or iodo. 
As used herein, the term “aryl” means an organic radical 

derived from an aromatic hydrocarbon by removal of hydro 
gen. Exemplary aryl groups include but are not limited to 
phenyl, biphenyl, naphthyl, and the like. 
As used herein, the terms “heterocyclic” and “heterocy 

clyl” means an aromatic or non-aromatic cyclic group con 
taining one to four heteroatoms each independently selected 
from O, S and N, Wherein each group has from 3 to 10 atoms 
in its ring system. Non-aromatic heterocyclic groups include 
groups having only 3 atoms in their ring system, Whereas 
aromatic heterocyclic groups have at least 5 atoms in their 
ring system. Heterocyclic groups include fused ring systems 
such as benZo-fused rings and the like. an exemplary 3 mem 
bered heterocyclic group is aZiridine; 4 membered heterocy 
clic group is aZetidinyl (derived from aZetidine); 5 membered 
heterocyclic group is thiazolyl; 7 membered ring heterocyclic 
group is aZepinyl; and a 10 membered heterocyclic group is 
quinolinyl. 

Examples of non-aromatic heterocyclic groups include but 
are not limited to pyrrolidinyl, tetrahydrofuranyl, dihydro 
furanyl, tetrahydrothienyl, tetrahydropyranyl, dihydropyra 
nyl, tetrahydrothiopyranyl, piperidino, morpholino, thiomor 
pholino, thioxanyl, piperaZinyl, aZetidinyl, oxetanyl, 
thietanyl, homopiperidinyl, oxetanyl, thiepanyl, oxaZepinyl, 
diaZepinyl, thiaZepinyl, 1,2,3,6-tetrahydropyridinyl, 2-pyr 
rolinyl, 3-pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, 
dioxanyl, 1,3-dioxolanyl, pyraZolinyl, dithianyl, dithiolanyl, 
dihydropyranyl, dihydrothienyl, dihydrofuranyl, pyraZolidi 
nyl, imidaZolinyl, imidaZolidinyl, 3-aZabicyclo[3.1.0]hexa 
nyl, 3-aZabicyclo[4.1.0]heptanyl, 3H-indolyl and quinoliZ 
inyl. 

Examples of aromatic heterocyclic (heteroaryl) groups 
include but are not limited to pyridinyl, imidaZolyl, pyrimidi 
nyl, pyraZolyl, triaZolyl, pyraZinyl, tetraZolyl, furyl, thienyl, 
isoxaZolyl, thiaZolyl, oxaZolyl, isothiaZolyl, pyrrolyl, quino 
linyl, isoquinolinyl, indolyl, benZimidaZolyl, benZofuranyl, 
cinnolinyl, indaZolyl, indoliZinyl, phthalaZinyl, pyridaZinyl, 
triaZinyl, isoindolyl, pteridinyl, purinyl, oxadiaZolyl, thiadia 
Zolyl, furaZanyl, benZofuraZanyl, benZothiophenyl, ben 
ZothiaZolyl, benZoxaZolyl, quinaZolinyl, quinoxalinyl, naph 
thyridinyl, and furopyridinyl. 
The foregoing groups can be C-attached or N-attached 

Where such is possible. For instance, a group derived from 
pyrrole can be pyrrol-1-yl (N -attached) or pyrrol-3-yl (C-at 
tached). Further, a group derived from imidaZole can be imi 
daZol-1-yl (N-attached) or imidaZol-3-yl (C-attached). Het 
erocyclic groups can be optionally substituted on any ring 
carbon, sulfur or nitrogen atom(s) by one to tWo oxygens 
(oxo), per ring. An example of a heterocyclic group Wherein 
2 ring carbon atoms are substituted With oxo moieties is 
1,l-dioxo-thiomorpholinyl. 
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Exemplary ?ve to six membered heterocyclic aromatic 
rings having one or tWo heteroatoms selected independently 
from oxygen, nitrogen and sulfur include but are not limited 
to isothiaZolyl, pyridinyl, pyridaZinyl, pyrimidinyl, pyraZinyl 
and the like. 

Exemplary partially saturated, fully saturated or fully 
unsaturated ?ve to eight membered heterocyclic rings having 
one to four heteroatoms selected independently from oxygen, 
sulfur and nitrogen include but are not limited to 3H-1,2 
oxathiolyl, 1,2,3-oxadiaZolyl, 1,2,4-oxadiaZolyl, 1,2,5-oxa 
diaZolyl and the like. Further exemplary ?ve membered rings 
are furyl, thienyl, 2H-pyrrolyl, 3H-pyrroyl, pyrrolyl, 2-pyr 
rolinyl, 3-pyrrolinyl, pyrrolidinyl, 1,3-dioxolanyl, oxaZolyl, 
thiaZolyl, thiaZolyl, imidaZolyl, 2H-imidaZolyl, 2-imidaZoli 
nyl, imidaZolidinyl, pyraZolyl, 2-pyraZolinyl, pyraZolinyl, 
isoxaZolyl, isothiaZolyl, 1,2-dithiolyl, 1,3-dithiolyl, 3H-1,2 
oxathiolyl, 1,2,3-oxadiaZolyl, 1,2,4-oxadiaZolyl, 1,2,5-oxa 
diaZolyl, 1,3,4-oxadiaZolyl, 1,2,3-triaZolyl, 1,2,4-triaZolyl, 
1,3,4-thiadiaZolyl, 1,2,3,4-oxatriaZolyl, 1,2,3,5-oxatriaZolyl, 
3H-1,2,3-dioxaZolyl, 1,2,4-dioxaZolyl, 1,3,2-dioxaZolyl, 1,3, 
4-dioxaZolyl, 5H-1,2,5-oxathiaZolyl and 1,3-oxathiolyl. Fur 
ther exemplary six member rings are 2H-pyranyl, 4H-pyra 
nyl, pyridinyl, piperidinyl, 1,2-dioxinyl, 1,3-dioxinyl, 1,4 
dioxanyl, morpholinyl, 1,4-dithianyl, thiomorpholinyl, 
pyridaZinyl, pyrimidinyl, pyraZinyl, piperaZinyl, 1,3,5-triaZi 
nyl, 1,2,4-triaZinyl, 1,2,3-triaZinyl, 1,3,5-trithianyl, 4H-1,2 
oxaZinyl, 2H-1,3-oxaZinyl, 6H-1,3-oxaZinyl, 6H-1,2-oxaZi 
nyl, 1,4-oxaZinyl, 2H-1,2-oxaZinyl, 4H-1,4-oxaZinyl, 1,2,5 
oxathiaZinyl, 1,4-oxaZinyl, o-isoxaZinyl, p-isoxaZinyl, 1,2,5 
oxathiaZinyl, 1,2,6-oxathiaZinyl, 1,4,2-oxadiaZinyl and 1,3, 
5,2-oxadiaZinyl. Further exemplary seven membered rings 
are aZepinyl, oxepinyl, thiepinyl and 1,2,4-diaZepinyl. Fur 
ther exemplary eight membered rings are cyclooctyl, 
cyclooctenyl and cyclooctadienyl. 

Exemplary bicyclic rings are composed of tWo fused par 
tially saturated, fully saturated or fully unsaturated ?ve or six 
membered rings, taken independently, optionally having one 
to four heteroatoms selected independently from nitrogen, 
sulfur and oxygen are indoliZinyl, indolyl, isoindolyl, 3H-in 
dolyl, lH-isoindolyl, indolinyl, cyclopenta(b)pyridinyl, 
pyrano(3,4-b)pyrrolyl, benZofuryl, isobenZofuryl, benZo[b] 
thienyl, benZo[c]thienyl, 1H-indaZolyl, indoxaZinyl, benZox 
aZolyl, anthranilyl, benZimidaZolyl, benZthiaZolyl, purinyl, 
4H quinoliZinyl, quinolinyl, isoquinolinyl, cinnolinyl, 
phthalaZinyl, quinaZolinyl, quinoxalinyl, 1,8-naphthyridinyl, 
pteridinyl, indenyl, isoindenyl, naphthyl, tetralinyl, decalinyl, 
2H-1-benZopyranyl, pyrido(3,4-b)-pyridinyl, pyrido(3,2-b) 
pyridinyl, pyrido(4,3-b)-pyridinyl, 2H-1,3-benZoxaZinyl, 
2H-1,4-benZoxaZinyl, 1H-2,3-benZoxaZinyl, 4H-3,1-ben 
ZoxaZinyl, 2H-1,2-benZoxaZinyl and 4H-1,4-benZoxaZinyl. 

Exemplary 3-10 membered heterocyclyl groups include 
but are not limited to oxetane, aZetidine, tetrahydrofuran, 
pyrrolidine, 2,5-dihydro-1H-pyrrole, 1,3-dioxolane, isoxaZo 
lidine, oxaZolidine, pyraZolidine, imidaZolidine, pyrrolidin 
2-one, tetrahydrothiophene-l,1-dioxide, pyrrolidine-2,5-di 
one, tetrahydro-2H-pyran, piperidine, 1 ,2,3 ,6 
tetrahydropyridine, 1,4-dioxane, morpholine, piperaZine, 
thiomorpholine, piperidin-2-one, piperidin-4-one, thiomor 
pholine-1,1-dioxide, 1,3-oxaZinan-2-one, morpholin-3-one, 
piperaZine-2-one, aZepane, 1,4-oxaZepine, 1,4-diaZepane, 
aZepan-2-one, 1,4-diaZepane-5-one, quinuclidine, 2-aZa-bi 
cyclo[2.2.1]heptane, 8-aZa-bicyclo[3.2.1]octane, 5-oxa-2 
aZa-bicyclo[2.2. l]heptane, 2-oxa-5-aZa-bicyclo[2.2. l]hep 
tan-3-one, 2-oxa-5-aZa-bicyclo[2.2.2]octan-3-one, 
1-methyl-5,6-pyrrolyl-7-oxa-bicyclo[2.2.l]heptane, 6-aZa 
bicyclo[3.2.1]octane, 3,8-diaZa-bicyclo[3.2.1]octan-2-one, 
2,2-dimethyl-tetrahydro-3aH- [1 ,3]dioxolo [4,5 -c]pyrrole, 
3 ,3 -cyclohexylpyrrolidone, 1,5 -diaxo-9-aZaspiro[5 .5]unde 
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6 
cane, octahydro-lH-isoindole, decahydroquinoline, decahy 
droisoquinoline, octahydropyrrolo[1,2a]pyraZine, octahydro' 
1H-pyrido[1 ,2a]pyraZine, octahydropyrrolo [3 ,4-c]pyridine 
3-one, decahydropyraZino[1,2-a]aZepine, furan, lH-pyrrole, 
isoxaZole, oxaZole, 1H-pyraZole, 1H-imidaZole, thiaZole, 
1,2,4-oxadiaZole, 1,3,4-oxadiaZole, 4H-1,2,4-triaZole, 
1H-tetraZole, pyridine, pyridaZine, pyrimidine, pyraZine, 
pyridine-2(1H)-one, 1,4, 5, 6-tetrahydrocyclopenta[c]pyra 
Zole, 6,7-dihydro-5H-pyrrolo[2,1-c][1,2,4]triaZole, 2,3-di 
hydroimidaZo[2,1-b]thiaZole, imidaZo[2,1-b][1,3,4-c]pyri 
dine, 4,5,6,7-tetrahydro-3H-imidaZo[4,5-c]pyridine, 5,6,7,8 
tetrahydroimidaZo[1,5-a]pyraZine, 4, 5 ,6,7 
tetrahydrothiaZole[5,4-c]pyridine, 5,6,7,8-tetrahydro-[1,2,4] 
triaZolo[4,3-a]pyraZine, quinoline, isoquinoline, 2,3 
dihydrobenZofuran, 5,6,7,8-tetrahydroquinoline, 3,4 
dihydro- 1 H-isochromene, 1,2,3 ,4-tetrahydroisoquinoline, 
4H-benZo[d][1,3]dioxane, 5,6,7,8-tetrahydropyrido[3,4-d] 
pyrimidine, benZofuran, lH-indole, benZo[d]oxaZole, 
1H-benZo[d]imidaZole, H-imidaZo[1,2-a]pyridine, imidaZo 
[1 ,2-a] pyrimidine, 5 ,6,7, 8-tetrahydroimidaZo [1 ,5 -a]pyra 
Zine-3(2H)-one, 2,3 ,4,5 -tetrahydro- 1 H-benZo [d] aZepine, 
2,3,4,5-tetrahydrobenZo[f] [1 ,4]oxaZepine, 5,6,7,8-tetrahy 
dro-4H-isoxaZolo[4,3-d]aZepine and 6,7,8,9-tetrahydro-2H 
[1,2,4]triaZolo[4,3-g][1,4]diaZepin-3(5H)-one. 

It is to be understood that if a carbocyclic or heterocyclic 
moiety can be bonded or otherWise attached to a designated 
substrate, through differing ring atoms Without denoting a 
speci?c point of attachment, then all possible points are 
intended, Whether through a carbon atom or, for example, a 
trivalent nitrogen atom. For example, the term “pyridyl” 
means 2-, 3-, or 4-pyridyl, the term “thienyl” means 2-, or 
3-thienyl, and so forth. 
As used herein, the terms “treat, treating” or “treatment” 

includes preventative (e.g., prophylactic) and palliative treat 
ment. 

As used herein, the term “pharmaceutically acceptable” is 
intended to mean that a referenced component such as a salt, 
ester or solvate is physiologically tolerable at doses to be 
administered. Pharmaceutically acceptable salts, esters sol 
vates, carriers, diluents, syrups and the like are Well knoWn to 
those skilled in the art. 

For example, the term “pharmaceutically acceptable acid 
salts” refers to acid addition salts formed from acids Which 
provide non-toxic anions. The pharmaceutically acceptable 
anions include, but are not limited to, acetate, aspartate, ben 
Zoate, bicarbonate, carbonate, bisulfate, sulfate, chloride, 
bromide, benZene sulfonate, methyl sulfonate, phosphate, 
acid phosphate, lactate, maleate, malate, malonate, fumarate, 
lactate, tartrate, borate, camsylate, citrate, edisylate, esylate, 
formate, fumarate, gluceptate, glucuronate, gluconate 
oxalate, palmitate, pamoate, saccharate, stearate, succinate, 
tartrate, tosylate and tri?uoroacetate salts, among a great 
many other examples. Hemi-salts, including but not limited to 
hemi-sulfate salts, are likeWise directed to the invention. For 
a revieW on suitable salts, see “Handbook of Pharmaceutical 

Salts Properties, Selection, and Use” by Stahl and Wermuth 
(Wiley-VCH, Weinheim, Germany, 2002). 

Pharmaceutically acceptable salts of the compounds of the 
invention include the acid addition and base salts (including 
disalts) thereof. Pharmaceutically acceptable salts of com 
pounds of formula I can be prepared by reaction of a com 
pound of formula I With the desired acid; by removal of a 
protecting group from a suitable precursor of the compound 
of formula I or by ring-opening a suitable cyclic precursor, for 
example, a lactone or lactam, using the desired acid or base; 
and by conversion of one salt of the compound of formula I to 



US 8,030,518 B2 
7 

another by reaction With an appropriate acid or base or by 
passage through an appropriate ion-exchange column. 

For example, suitable acid addition salts are formed from 
acids Which form non-toxic salts. Examples include the 
acetate, aspartate, benzoate, besylate, bicarbonate/ carbonate, 
bisulphate/ sulphate, borate, camsylate, citrate, edisylate, esy 
late, formate, fumarate, gluceptate, gluconate, glucuronate, 
hexa?uorophosphate, hibenzate, hydrochloride/chloride, 
hydrobromide/bromide, hydroiodide/iodide, isethionate, lac 
tate, malate, maleate, malonate, mesylate, methylsulphate, 
naphthylate, 2-napsylate, nicotinate, nitrate, orotate, oxalate, 
palmitate, pamoate, pho sphate/ hydro gen pho sphate/dihydro 
gen phosphate, saccharate, stearate, succinate, tartrate, tosy 
late and tri?uoroacetate salts. 

Suitable base salts are formed from bases Which form 
non-toxic salts. Examples include the aluminium, arginine, 
benzathine, calcium, choline, diethylamine, diolamine, gly 
cine, lysine, magnesium, meglumine, olamine, potassium, 
sodium, tromethamine and zinc salts. For a revieW on suitable 
salts, see “Handbook of Pharmaceutical Salts: Properties, 
Selection, and Use” by Stahl and Wermuth (Wiley-VCH, 
Weinheim, Germany, 2002). 
As used herein, the term pharmaceutically acceptable car 

rier comprises such excipients, binders, lubricants, tabletting 
agents, disintegrants, preservatives, anti-oxidants, ?avors and 
colorants as are typically used in the art of formulation of 
pharmaceuticals. Examples of such agents includeibut are 
not limited toistarch, calcium carbonate, dibasic calcium 
phosphate, dicalcium phosphate, microcrystalline cellulose, 
hydroxypropylcellulose, hydroxypropylmethylcellulose lac 
tose, polyethylene glycols, polysorbates, glycols, saf?oWer 
oil, sesame oil, soybean oil, and Povidone. Additionally, dis 
integrants such as sodium starch glycolate; lubricants such as 
magnesium stearate, stearic acid, and SiO2; and solubility 
enhancers such as cyclodextrins, among a great many other 
examples for each group, are directed to the invention. Such 
materials and the methods of using them are Well knoWn in 
the pharmaceutical art. Additional examples are provided in 
Kibbe, Handbook of Pharmaceutical Excipienls, London, 
Pharmaceutical Press, 2000. 
As used herein, the term “pharmaceutically acceptable sol 

vate” refers to describe a molecular complex comprising the 
compound of the invention and a stoichiometric amount of 
one or more pharmaceutically acceptable solvent molecules, 
including but not limited to Water and ethanol. Thus, the term 
solvate includes a hydrate as one example and an ethanolate 
as another example. 
As used herein, the term “hyperexcitability” When used in 

reference to a disorder of the nervous system is intended to 
mean a neuromuscular condition characterized by excessive 
neuronal activity. Such excessive activity can include, for 
example, spontaneous neuronal activity or excessive activity 
in response to physiological stimuli. Diseases characterized 
by hyperexcitability of the nervous system are Well knoWn in 
the art and include, for example, epilepsy, bipolar disorder, 
migraine, other seizure disorders and neuropathic pain. The 
compounds of the invention are applicable for the treatment 
of disorders characterized by hyperexcitability of the nervous 
system through voltage modulation of KCNQ potassium (K+) 
channels. 
As used herein, the term “therapeutically effective 

amount” is intended to mean the amount or dose of a com 
pound of the invention that can reduce or ameliorate at least 
one symptom of a disorder characterized by hyperexcitability 
of the nervous system. A therapeutically effective amount 
includes the amount of a compound of the invention required 
to modulate KCNQ2/3 ion channels folloWing administering 
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8 
to a subject. Modulation includes activation or inhibition of 
KCNQ2/3 ion channels, Which can be determined using 
methods Well knoWn in the art such as those exempli?ed 
beloW in the Examples. 
The folloWing non-limiting preparations and Examples 

illustrate the preparation of the compounds of the invention. 
In one embodiment, the invention provides a composition 

comprising a pharmaceutically acceptable carrier or diluent 
and at least one of the folloWing: a pharmaceutically effective 
amount of a compound of formula I, a pharmaceutically 
acceptable salt of a compound of formula I, a pharmaceuti 
cally acceptable solvate of a compound of formula I, and a 
pharmaceutically acceptable ester of a compound of formula 
I. 

In another embodiment, the invention provides a pediatric 
pharmaceutical composition comprising a pharmaceutically 
acceptable carrier or diluent, a syrup for pediatric use, and at 
least one of the folloWing: a pharmaceutically effective 
amount of a compound of formula I, a pharmaceutically 
acceptable salt of a compound of formula I, a pharmaceuti 
cally acceptable ester of a compound of formula I, and a 
pharmaceutically acceptable solvate of a compound of for 
mula I. 

In yet another embodiment, the invention provides to a 
cheWable tablet, suitable for pediatric pharmaceutical use, 
comprising a pharmaceutically acceptable carrier or diluent, 
and at least one of the folloWing: a pharmaceutically effective 
amount of a compound of formula I, a pharmaceutically 
acceptable salt of a compound of formula I, a pharmaceuti 
cally acceptable solvate of a compound of formula I, and a 
pharmaceutically acceptable ester of a compound of formula 
I. 

This invention includes all tautomers and salts of com 
pounds of this invention. This invention also includes all 
compounds of this invention Where one or more atoms are 

replaced by a radioactive isotope thereof. 
In one embodiment, the invention provides a compound of 

formula I, Where NHiC(:X)i(Y)qiR5 is NHC(:O)R5. 
In another embodiment, the invention provides a com 

pound of formula I, Where NH4C(:X)i(Y)qiR5 is NHC 
(:O)OR5. 

In another embodiment, the invention provides a com 
pound of formula I, Where NH4C(:X)i(Y)qiR5 is NHC 
(:S)SR5. 

In another embodiment, the invention provides a com 
pound of formula I, Where NH4C(:X)i(Y)qiR5 is NHC 
(:$)R5 

In another embodiment, the invention provides a com 
pound of formula I, Where NH4C(:X)i(Y)qiR5 is NHC 
(:S)OR5. 

In another embodiment, the invention provides a com 
pound of formula I, Where NH4C(:X)i(Y)qiR5 is NHC 
(:O)SR5. 

In a more speci?c embodiment, the invention provides a 
compound of formula I, Where n is l and NH4C(:X)i 
(Y) qiR5 is NHC(:O)R5. 

In another more speci?c embodiment, the invention pro 
vides a compound of formula I, Where n is l and NH4C 
(:X)i(Y)qiR5 is NHC(:O)OR5. 

In another more speci?c embodiment, the invention pro 
vides a compound of formula I, Where n is l and NH4C 
(:X)i(Y)qiR5 is NHC(:S)SR5. 

In another more speci?c embodiment, the invention pro 
vides a compound of formula I, Where n is l and NH4C 
(:X)i(Y)qiR5 is NHC(:S)R5. 
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In another more speci?c embodiment, the invention pro 
vides a compound of formula I, Where n is 1 and NH4C 
(:X)i(Y)qiR5 is NHC(:S)OR5. 

In another more speci?c embodiment, the invention pro 
vides a compound of formula I, Where n is 1 and NH4C 
(:X)i(Y)qiR5 is NHC(:O)SR5. 

In another more speci?c embodiment, the invention pro 
vides a compound of formula I, Where n is 2 and NH4C 
(:X)i(Y)qiR5 is NHC(:O)R5. 

In another more speci?c embodiment, the invention pro 
vides a compound of formula I, Where n is 2 and NH4C 
(:X)i(Y)qiR5 is NHC(:O)OR5. 

In another more speci?c embodiment, the invention pro 
vides a compound of formula I, Where n is 2 and NH4C 
(:X)i(Y)qiR5 is NHC(:S)SR5. 

In another more speci?c embodiment, the invention pro 
vides a compound of formula I, Where n is 2 and NH4C 
(:X)i(Y)qiR5 is NHC(:S)R5. 

In another more speci?c embodiment, the invention pro 
vides a compound of formula I, Where n is 2 and NH4C 
(:X)i(Y)qiR5 is NHC(:S)OR5. 

In another more speci?c embodiment, the invention pro 
vides a compound of formula I, Where n is 2 and NH4C 
(:X)i(Y)qiR5 is NHC(:O)SR5. 

In another more speci?c embodiment, the invention pro 
vides a compound of formula I, Where n is 3 and NH4C 
(:X)i(Y)qiR5 is NHC(:O)R5. 

In another more speci?c embodiment, the invention pro 
vides a compound of formula I, Where n is 3 and NH4C 
(:X)i(Y)qiR5 is NHC(:O)OR5. 

In another more speci?c embodiment, the invention pro 
vides a compound of formula I, Where n is 3 and NH% 
(:X)i(Y)qiR5 is NHC(:S)SR5. 

In another more speci?c embodiment, the invention pro 
vides a compound of formula I, Where n is 3 and NH4C 
(:X)i(Y)qiR5 is NHC(:S)R5. 

In another more speci?c embodiment, the invention pro 
vides a compound of formula I, Where n is 3 and NH4C 
(:X)i(Y)qiR5 is NHC(:S)OR5. 

In another more speci?c embodiment, the invention pro 
vides a compound of formula I, Where n is 3 and NH4C 
(:X)i(Y)qiR5 is NHC(:O)SR5. 

In another embodiment, the invention provides a com 
pound of formula I, Where U is CR‘ and R' is H, halogen, 
tri?uoromethyl, or methyl. 

In another embodiment, the invention provides a com 
pound of formula I, Where Z is H, halogen, tri?uoromethyl, or 
methyl. 

In another embodiment, the invention provides a com 
pound of formula I, Where Z is H, halogen, Cl-C6 alkyl, 
OiCl-C6 alkyl, CF3, OCF3, or C3-C6 cycloalkyl. 

In another embodiment, the invention provides a com 
pound of formula I, Where Z is H, OH, CN, CHZCN, OCH3, 
or CH2OCH3. 

In a more speci?c embodiment, the invention provides a 
compound of formula I, Where NH4C(:X)i(Y)qiR5 is 
NHC(:O)R5 and Z is H, halogen, Cl-C6 alkyl, OiCl-C6 
alkyl, CF3, OCF3, or C3-C6 cycloalkyl. 

In a still more speci?c embodiment, the invention provides 
a compound of formula I, Where NH4C(:X)i(Y)qiR5 is 
NHC(:O)R5; n is 1; R3 and R4 are, independently, H, 
methyl, ethyl, tri?uoromethyl, Cl, Br, or F; and Z is H, halo 
gen, Cl-C6 alkyl, O4Cl-C6 alkyl, CF3, OCF3, or C3-C6 
cycloalkyl. 

In a still more speci?c embodiment, the invention provides 
a compound of formula I, Where NH4C(:X)i(Y)qiR5 is 
NHC(:O)R5; n is 2; R3 and R4 are, independently, H, 
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10 
methyl, ethyl, tri?uoromethyl, Cl, Br, or F; and Z is H, halo 
gen, Cl-C6 alkyl, O4Cl-C6 alkyl, CF3, OCF3, or C3-C6 
cycloalkyl. 

In a still more speci?c embodiment, the invention provides 
a compound of formula I, Where NH4C(:X)i(Y)qiR5 is 
NHC(:O)R5; n is 3; R3 and R4 are, independently, H, 
methyl, ethyl, tri?uoromethyl, Cl, Br, or F; and Z is H, halo 
gen, Cl-C6 alkyl, O4Cl-C6 alkyl, CF3, OCF3, or C3-C6 
cycloalkyl. 

In a still more speci?c embodiment, the invention provides 
a compound of formula I, Where NH4C(:X)i(Y)qiR5 is 
NHC(:O)OR5; n is 1; R3 and R4 are, independently, H, 
methyl, ethyl, tri?uoromethyl, Cl, Br, or F; and Z is H, halo 
gen, Cl-C6 alkyl, O4Cl-C6 alkyl, CF3, OCF3, or C3-C6 
cycloalkyl. 

In a still more speci?c embodiment, the invention provides 
a compound of formula I, Where NH4C(:X)i(Y)qiR5 is 
NHC(:O)OR5; n is 2; R3 and R4 are, independently, H, 
methyl, ethyl, tri?uoromethyl, Cl, Br, or F; and Z is H, halo 
gen, Cl-C6 alkyl, O4Cl-C6 alkyl, CF3, OCF3, or C3-C6 
cycloalkyl. 

In a still more speci?c embodiment, the invention provides 
a compound of formula I, Where NH4C(:X)i(Y)qiR5 is 
NHC(:O)OR5; n is 3; R3 and R4 are, independently, H, 
methyl, ethyl, tri?uoromethyl, Cl, Br, or F; and Z is H, halo 
gen, Cl-C6 alkyl, O4Cl-C6 alkyl, CF3, OCF3, or C3-C6 
cycloalkyl. 

In a still more speci?c embodiment, the invention provides 
a compound of formula I, Where X is 0, q is Zero, R5 is 
ter‘t-butyl or neopentyl, and Z is H, halogen, methyl, or trif 
luoromethyl. 

In another still more speci?c embodiment, the invention 
provides a compound of formula I, Where X is 0, q is 1, Y is 
0, R5 is ter‘t-butyl or neopentyl, and Z is H, halogen, methyl, 
or tri?uoromethyl. 

In a still more speci?c embodiment, the invention provides 
a compound of formula I, Where X is 0, q is Zero, R5 is 
(CHR6)WC3-C6 cycloalkyl, (CHR6)WCH2C3-C6 cycloalkyl, 
CH2(CHR6)WC3-C6 cycloalkyl, (CHR6)WC5-C6 cycloalk 
enyl, or CH2(CHR6)WC5-C6 cycloalkenyl; and Z is H, halo 
gen, methyl, or tri?uoromethyl. 

In another still more speci?c embodiment, the invention 
provides a compound of formula I, Where X is 0, q is 1, Y is 
0, R5 is (CHR6)WC3-C6 cycloalkyl, (CHR6)WCH2C3-C6 
cycloalkyl, CH2(CHR6), C3-C6 cycloalkyl, (CHR6)WC5-C6 
cycloalkenyl, or CH2(CHR6)WC5-C6 cycloalkenyl; and Z is 
H, halogen, methyl, or tri?uoromethyl. 

In a still more speci?c embodiment, the invention provides 
a compound offormula I, Where X is 0, q is Zero, R5 is C2-C6 
alkenyl, C2-C6 alkynyl, orAr2; and Z is H, halogen, methyl, or 
tri?uoromethyl. 

In another still more speci?c embodiment, the invention 
provides a compound of formula I, Where X is 0, q is 1, Y is 
0, R5 is C2-C6 alkenyl, C2-C6 alkynyl, or Ar2; and Z is H, 
halogen, methyl, or tri?uoromethyl. 

In a still more speci?c embodiment, the invention provides 
a compound of formula I, Where X is 0, q is Zero, R5 is 
(CHR6)WAr2, CHACHR6)WAr2, or (CHR6)WCH2Ar2, and Z is 
H, halogen, methyl, or tri?uoromethyl. 

In another still more speci?c embodiment, the invention 
provides a compound of formula I, Where X is 0, q is 1, Y is 
0, R5 is (CHR6)WAr2, CH2(CHR6)WAr2, or (CHR6)WCH2Ar2, 
and Z is H, halogen, methyl, or tri?uoromethyl. 

In another still more speci?c embodiment, the invention 
provides a compound of formula I, Where X is 0, q is Zero, R5 
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is ter‘t-butyl or neopentyl; R1 is halogen, methyl, tri?uorom 
ethyl, methoxy, or tri?uoromethoxy; and Z is H, halogen, 
methyl, or tri?uoromethyl. 

In another still more speci?c embodiment, the invention 
provides a compound of formula I, Where X is 0, q is l,Y is 
0, R5 is ter‘t-butyl or neopentyl; R1 is halogen, methyl, trif 
luoromethyl, methoxy, or tri?uoromethoxy; and Z is H, halo 
gen, methyl, or tri?uoromethyl. 

In an embodiment, the invention provides compounds of 

In another embodiment, the invention provides compounds 
of formula I-O, 

R3 

g (Y) 
Z\ n / I T q\R5 

\ X 
U R4 

0 

1-0 

In another embodiment, the invention provides compounds 
of formula I-S, 

R3 

g (Y) 
Z\ n / I \H/ q\R5 

\ X 
U R4 

S 

In another embodiment, the invention provides compounds 
of formula I-Cgg, 

In one embodiment, the invention provides a compound of 
formula I-N, Where NH4C(:X)i(Y)qiR5 is 
NHC(:O)R5. 
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12 
In another embodiment, the invention provides compound 

of formula I-N, Where NH4C(:X)i(Y)qiR5 is NHC 
(:O)OR5. 

In another embodiment, the invention provides a com 
pound of formula I-N, Where NH4C(:X)i(Y)qiR5 is 
NHC(:S)SR5. 

In another embodiment, the invention provides a com 
pound of formula I-N, Where NH4C(:X)i(Y)qiR5 is 
NHC(:S)R5. 

In another embodiment, the invention provides a com 
pound of formula I-N, Where NH4C(:X)i(Y)qiR5 is 
NHC(:S)OR5. 

In another embodiment, the invention provides a com 
pound of formula I-N, Where NH4C(:X)i(Y)qiR5 is 
NHC(:O)SR5. 

In one embodiment, the invention provides a compound of 
{{ormula I-O, Where NHiC(:X)i(Y)qiR5 is NHC(:O) 

5. 

In another embodiment, the invention provides a com 
pound of formula I-O, Where NH4C(:X)i(Y)qiR5 is 
NHC(:O)OR5. 

In another embodiment, the invention provides a com 
pound of formula I-O, Where NH4C(:X)i(Y)qiR5 is 
NHC(:S)SR5. 

In another embodiment, the invention provides compound 
of formula I-O, Where NH4C(:X)i(Y)qiR5 is NHC 
(:S)R5. 

In another embodiment, the invention provides a com 
pound of formula I-O, Where NH4C(:X)i(Y)qiR5 is 
NHC(:S)OR5. 

In another embodiment, the invention provides a com 
pound of formula I-O, Where NH4C(:X)i(Y)qiR5 is 
NHC(:O)SR5. 

In one embodiment, the invention provides a compound of 
formula I-S, Where NH4C(:X)i(Y)qiR5 is NHC(:O) 
R5. 

In another embodiment, the invention provides a com 
pound of formula I-S, Where NHiC(:X)i(Y)qiR5 is 
NHC(:O)OR5. 

In another embodiment, the invention provides a com 
pound of formula I-S, Where NHiC(:X)i(Y)qiR5 is 
NHC(:S)SR5. 

In another embodiment, the invention provides a com 
pound of formula I-S, Where NHiC(:X)i(Y)qiR5 is 
NHC(:S)R5. 

In another embodiment, the invention provides a com 
pound of formula I-S, Where NHiC(:X)i(Y)qiR5 is 
NHC(:S)OR5. 

In another embodiment, the invention provides a com 
pound of formula I-S, Where NHiC(:X)i(Y)qiR5 is 
NHC(:O)SR5. 

In one embodiment, the invention provides a compound of 
formula I-Cgg, Where NHiC(:X)i(Y)qiR5 is NHC 
(:O)R5~ 

In another embodiment, the invention provides a com 
pound of formula I-Cgg, Where NHiC(:X)i(Y)qiR5 is 
NHC(:O)OR5. 

In another embodiment, the invention provides a com 
pound of formula I-Cgg, Where NHiC(:X)i(Y)qiR5 is 
NHC(:S)SR5. 

In another embodiment, the invention provides a com 
pound of formula I-Cgg, Where NHiC(:X)i(Y)qiR5 is 
NHC(:S)R5. 

In another embodiment, the invention provides a com 
pound of formula I-Cgg, Where NHiC(:X)i(Y)qiR5 is 
NHC(:S)OR5. 

In another embodiment, the invention provides a com 
pound of formula I-Cgg, Where NHiC(:X)i(Y)qiR5 is 
NHC(:O)SR5. 
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In another embodiment, the invention provides a com- In another embodiment, the invention provides a com 
pound of formula I-A pound of formula I-S-B, 

R3 LA 5 I-S-B 

H R3 
N (Y)q H 

Z / I \H/ \RS Z / N\H/(Y)q\R n n 5 

X 

RNA \U R4 10 \U I R4 X 
R1—F I/ G |./K\/S \ ) Rl—|_| z> 

Q /\ L 
15 R2 

Where QICR7 or N, Where R7 is H or Cl-C6 alkyl. 
In another embodiment, the inventionprovides compounds In another embodlmems the lnvemlon PrOVld?S a Com‘ 

of formula I-N-A, Pound of formula I'Cgg'B, 

20 

I-N-A 1-0 -B 
R3 R3 gg 

H 
N (Y)q\ g (Y) 

Z / I \H/ R5 25 Z n / I \H/ “R5 
X 

R2 \U R4 \U R4 X 
/ 

R F\/\I/NH R _||/E\/Cg1g2 
l— l 

\ J 30 u/\ > 
Q R2 L 

In another embodiment, the invention provides a com 
In another embodiment, the invention provides a Com- 35 Pound of formula I-N-B. 

pound of formula IB, 

I-N-B 
IB R3 

R3 
40 H 

H N (Y)q 
N Z / \ 

Z n / l \[f (Y)q \ R5 n l T R5 
\ X 

\U R4 X U R4 K 

/K /G 45 Rl_/,\/NH 

Rem H/ /\L R2 L 
R2 

50 
Where L is O, S, or NH, and K is N or CH. 

In another embodiment, the invention provides a com- In more Speci?c embodiments, the invention Pm‘ddes 
pound of formula I_O_B, compounds of formulas I-N-B-l and I-N-B-2. 

55 

I-O-B I-N-B-l 
R3 R3 

§ (Y) H N Y 
Z n / \H/ ‘1\R5 Z / ( )q\R5 

\ | X 60 n | 
\ X 

K U R4 N R4 
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-continued -continued 
I_N_B_2 I-N-C-Z 

R3 R3 
H 
N (Y) H 

Z \n/ ‘1\R5 5 Z NYMRRS 
R4 X X 

{K INH , R //K \ NH R4 
I /> R 10 l? l / / Ry 
IL \ L L / / 
R2 R2 

15 Where L is O, S, or NH, and K is N or CH. 
_ _ _ _ _ _ In other embodiments, this invention provides compounds 

In additional embodiments, the 1nvent1on provides a com- of formulas I_O_C_1 and 1_O_C_2’ which are Compounds of 
pound of formula IC'I or IC'Z formula IC-l and IC-2 Where G is O. 

In other embodiments, this invention provides compounds 
20 of formulas I-S-C-l and I-S-C-2, Which are compounds of 

I01 formula IC-l and IC-2 Where G is S. 
In other embodiments, this invention provides compounds R3 

H of formulas I-Cgg-C-l and l-Cgg-C-2, Which are compounds 
N (Y) Z / ‘1\R of formula IC-l and IC-2 Where G is C(gi)(g2). 

“ I 5 25 In another embodiment, the invention provides a com 
\ X pound of formula ID-l or ID-2, 
N R4 

I§\>/G 
R1 

/ ID-l 
/ 

I I .0 R3 \ 
\ L g 

R2 n T (YE \ R5 
X 

R4 
35 

10-2 R' 

R3 

g (Y) ID-Z 

Z n \H/ ‘1\R5 40 R3 

R4 X g (Y) 
K \ R2 Z T ‘1\ R // G n 5 

1T l / / R, (z |\ X 
L / / 45 ) R4 

R2 R1 \ / L G 
X R’ 

\ 2 
Where L is O, S, or NH, and K is N or CH. K 

50 . 

In additional embodiments, the invention provides a com- Where K and L are, mdependently, N or CH. 
pound of formula I-N-C-l or I-N-C-2, In a more speci?c embodiment, the invention provides a 

compound of formula I-N-D-l or I-N-D-2, 

I-N-C-l 55 
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-continued 
I-N-D-Z 

R3 

g (Y) ‘I 
Z T \ R5 n 

X 

R4 
L NH 

R, 

Where K and L are, independently, N or CH. 
In additional embodiments, this invention provides com 

pounds of formulas I-O-D-l and I-O-D-2, Which are com 
pounds of formulas ID-l and ID-2, Where G is O. 

In additional embodiments, this invention provides com 
pounds of formulas I-S-D-l and I-S-D-2, Which are com 
pounds of formulas ID-l and ID-2, Where G is S. 

In additional embodiments, this invention provides com 
pounds of formulas I-Cgg-D-l and I-Cgg-D-2, Which are 
compounds of formulas ID-l and ID-2, Where G is C(g1)(g2). 

In a more speci?c embodiment, the invention provides 
compounds of formula IA, Where NH4C(:X)i(Y)qiR5 
is NHC(:O)R5 or NHC(:O)OR5. 

In a still more speci?c embodiment, the invention provides 
compounds of formula I-N-A, Where NHiC(:X)i(Y)qi 
R5 is NHC(:O)R5 or NHC(:O)OR5. 

In another still more speci?c embodiment, the invention 
provides compounds of formula I-O-A, Where NH% 
(:X)i(Y)qiR5 is NHC(:O)R5 or NHC(:O)OR5. 

In another still more speci?c embodiment, the invention 
provides compounds of formula I-S-A, Where NH4C 
(:X)i(Y)qiR5 is NHC(:O)R5 or NHC(:O)OR5. 

In another still more speci?c embodiment, the invention 
provides compounds of formula I-Cgg-A, Where NH4C 
(:X)i(Y)qiR5 is NHC(:O)R5 or NHC(:O)OR5. 

In a still more speci?c embodiment, the invention provides 
a compound of formula IA, Where X is 0, q is Zero, R5 is 
tert-butyl or neopentyl; R1 is halogen, methyl, tri?uorom 
ethyl, methoxy, or tri?uoromethoxy; and Z is H, halogen, 
methyl, or tri?uoromethyl. 

In another still more speci?c embodiment, the invention 
provides a compound of formula IA, Where X is 0, q is l,Y is 
0, R5 is ter‘t-butyl or neopentyl; R1 is halogen, methyl, trif 
luoromethyl, methoxy, or tri?uoromethoxy; and Z is H, halo 
gen, methyl, or tri?uoromethyl. 

In another still more speci?c embodiment, the invention 
provides a compound of formula IA, Where X is 0, q is Zero, 
R5 is tert-butyl or neopentyl; U is CR'; R' is H, halogen, 
tri?uoromethyl, or methyl; R1 is halogen, methyl, tri?uorom 
ethyl, methoxy, or tri?uoromethoxy; and Z is H, halogen, 
methyl, or tri?uoromethyl. 

In another still more speci?c embodiment, the invention 
provides a compound of formula IA, Where X is 0, q is l,Y is 
0, R5 is tert-butyl or neopentyl; U is CR; R' is H, halogen, 
tri?uoromethyl, or methyl; R1 is halogen, methyl, tri?uorom 
ethyl, methoxy, or tri?uoromethoxy; and Z is H, halogen, 
methyl, or tri?uoromethyl. 

In another more speci?c embodiment, the invention pro 
vides compounds of formula IA, Where NHiC(:X)i 
(Y) qiR5 is NHC(:S)R5 or NHC(:S)SR5. 

In another more speci?c embodiment, the invention pro 
vides compounds of formula IA, Where NHiC(:X)i 
(Y) qiR5 is NHC(:S)OR5. or NHC(:O)SR5. 
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18 
In another more speci?c embodiment, the invention pro 

vides compounds of formula IA, Where NH4C(:X)i 
(Y) qiR5 is NHC(:O)R5 or NHC(:O)OR5. 

In another more speci?c embodiment, the invention pro 
vides compounds of formula IA, Where NH4C(:X)i 
(Y) qiR5 is NHC(:S)R5 or NHC(:S)SR5. 

In another more speci?c embodiment, the invention pro 
vides compounds of formula IA, Where NH4C(:X)i 
(Y) qiR5 is NHC(:S)OR5 or NHC(:O)SR5. 

In more speci?c embodiments, the invention provides 
compounds of formula IA according to the structures beloW 
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-continued 
IA-5 

IA- 7 

In still more speci?c embodiments, the invention provides 
compounds of formulas IA-l, IA-2, IA-3, IA-4, IA-5, IA-6, 
IA-7, and IA-8, Where X is S. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas IA-l, IA-2, IA-3, IA-4, 
IA-5, IA-6, IA-7, and IA-8, Where X is O. 

In still more speci?c embodiments, the invention provides 
compounds of formulas IA-3, IA-4, IA-7, and IA-8, in Which 
X is S andY is S. 

In still more speci?c embodiments, the invention provides 
compounds of formulas IA-3, IA-4, IA-7, and IA-8, in Which 
X is O andY is S. 

In still more speci?c embodiments, the invention provides 
compounds of formulas IA-3, IA-4, IA-7, and IA-8, in Which 
X is S andY is O. 

In still more speci?c embodiments, the invention provides 
compounds of formulas IA-3, IA-4, IA-7, and IA-8, in Which 
X is O andY is O. 
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g 
Z\ n YRS 

X 

R4 
C) 

In even more speci?c embodiments, the invention provides 
compounds of formula IA according to the structures beloW 

IA- la 

IA-Za. 

IA-3a. 

IA-4a. 
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-continued 
IA-6a. 

R3 

g 
Z\ n YRS 

X 

R4 
G 

N 

R247! \ 
R// l 

IA-7a. 
R3 

g Y 
\ 

Z\ n Y R5 
X 

R4 
G 

META N RAJ l 

IA-8a. 
R3 

g Y 
\ 

Z\ n Y R5 
X 

R4 
G 

N 

R27’) / / 
R1 

In another still more speci?c embodiment, the invention 
provides a compound offormula IB, Where X is Q, q is l,Y is 
0, R5 is tert-butyl or neopentyl; U is CR'; R' is H, halogen, 
tri?uoromethyl, or methyl; R1 is halogen, methyl, tri?uorom 
ethyl, methoxy, or tri?uoromethoxy; and Z is H, halogen, 
methyl, or tri?uoromethyl. 

In another more speci?c embodiment, the invention pro 
vides compounds of formula IB, Where NHiC(:X)i 
(Y) qiR5 is NHC(:S)R5 or NHC(:S)SR5. 

In another more speci?c embodiment, the invention pro 
vides compounds of formula IB, Where NHiC(:X)i 
(Y) qiR5 is NHC(:S)OR5 or NHC(:O)SR5. 

In another more speci?c embodiment, the invention pro 
vides compounds of formula IB, Where NHiC(:X)i 
(Y) qiR5 is NHC(:O)R5 or NHC(:O)OR5. 

In another more speci?c embodiment, the invention pro 
vides compounds of formula IB, Where NHiC(:X)i 
(Y) qiR5 is NHC(:S)R5 or NHC(:S)SR5. 

In another more speci?c embodiment, the invention pro 
vides compounds of formula IB, Where NHiC(:X)i 
(Y) qiR5 is NHC(:S)OR5. or NHC(:O)SR5. 

In another more speci?c embodiment, the invention pro 
vides compounds of formula IC-l or IC-2, Where NH4C 
(:X)i(Y)qiR5 is NHC(:O)R5 or NHC(:O)OR5. 

In another more speci?c embodiment, the invention pro 
vides compounds of formula IC-l or IC-2, Where NH4C 
(:X)i(Y)qiR5 is NHC(:S)R5 or NHC(:S)SR5. 

In another more speci?c embodiment, the invention pro 
vides compounds of formula IC-l or IC-2, Where NH4C 
(:X)i(Y)qiR5 is NHC(:S)OR5. or NHC(:O)SR5. 
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In another more speci?c embodiment, the invention pro 

vides compounds of formula ID-l or ID-2, Where NH4C 

(:X)i(Y)qiR5 is NHC(:O)R5 or NHC(:O)OR5. 
In another more speci?c embodiment, the invention pro 

vides compounds of formula ID-l or ID-2, Where NH4C 

(:X)i(Y)qiR5 is NHC(:S)R5 or NHC(:S)SR5. 
In another more speci?c embodiment, the invention pro 

vides compounds of formula ID-l or ID-2, Where NH4C 

(:X)i(Y)qiR5 is NHC(:S)OR5. or NHC(:O)SR5. 
In a more speci?c embodiment, the invention provides 

compounds of formula IA, 

In another embodiment, the invention provides compounds 
of formula I-N-A according to the structure beloW 

R3 

In another embodiment, the invention provides compounds 
of formula I-N-A, Where U is N and Q is CH. 

In a more speci?c embodiment, the invention provides 
compounds of formula I-N-A, Where n is l; X is O; U is N; 
and Q is CH. 

In another embodiment, the invention provides compounds 
offormula I-N-A, Where n is l; X is O; U is N; and Q is N. 

In another embodiment, the invention provides compounds 
offormula I-N-A, Where n is 2; X is O; U is N; and Q is CH. 

In another embodiment, the invention provides compounds 
offormula I-N-A, Where n is 2; X is O; U is N; and Q is N. 

In another embodiment, the invention provides compounds 
offormula I-N-A, Where n is 3; X is O; U is N; and Q is CH. 

In another embodiment, the invention provides compounds 
offormula I-N-A, Where n is 3; X is O; U is N; and Q is N. 

In another embodiment, the invention provides compounds 
of formula I-O-A, Where U is N and Q is CH. 

In another embodiment, the invention provides compounds 
offormula I-O-A, Where n is l; X is O; U is N; and Q is CH. 

In another embodiment, the invention provides compounds 
offormula I-O-A, Where n is l; X is O; U is N; and Q is N. 

In another embodiment, the invention provides compounds 
offormula I-O-A, Where n is 2; X is O; U is N; and Q is CH. 

In another embodiment, the invention provides compounds 
offormula I-O-A, Where n is 2; X is O; U is N; and Q is N. 

In another embodiment, the invention provides compounds 
offormula I-O-A, Where n is 3; X is O; U is N; and Q is CH. 

In another embodiment, the invention provides compounds 
offormula I-O-A, Where n is 3; X is O; U is N; and Q is N. 

In another embodiment, the invention provides compounds 
of formula I-S-A, Where U is N and Q is CH. 

In another embodiment, the invention provides compounds 
offormula I-S-A, Where n is l; X is O; U is N; and Q is CH. 

In another embodiment, the invention provides compounds 
offormula I-S-A, Where n is l; X is O; U is N; and Q is N. 

In another embodiment, the invention provides compounds 
offormula I-S-A, Where n is 2; X is O; U is N; and Q is CH. 
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In another embodiment, the invention provides compounds 
of formula I-S-A, Where n is 2; X is O; U is N; and Q is N. 

In another embodiment, the invention provides compounds 
of formula I-S-A, Where n is 3; U is N; and Q is CH. 

In another embodiment, the invention provides compounds 
offormula I-S-A, Where n is 3; X is O; U is N; and Q is CH. 

In another embodiment, the invention provides compounds 
of formula I-Cgg-A, Where U is N and Q is CH. 

In another embodiment, the invention provides compounds 
offormula I-Cgg-A, Where n is l ; X is O; U is N; and Q is CH. 

In another embodiment, the invention provides compounds 
offormula I-Cgg-A, Where n is l; X is O; U is N; and Q is N. 

In another embodiment, the invention provides compounds 
offormula I-Cgg-A, Where n is 2; X is O; U is N; and Q is CH. 

In another embodiment, the invention provides compounds 
offormula I-Cgg-A, Where n is 2; X is O; U is N; and Q is N. 

In another embodiment, the invention provides compounds 
offormula I-Cgg-A, Where n is 3; X is O; U is N; and Q is CH. 

In another embodiment, the invention provides compounds 
offormula I-Cgg-A, Where n is 3; X is O; U is N; and Q is N. 

In more speci?c embodiments, the invention provides 
compounds of formula I-N-A according to the structures 
beloW 

In additional more speci?c embodiments, the invention 
provides compounds of formula I-N-A according to the struc 
tures beloW 
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In even more speci?c embodiments, the invention provides 
compounds of formula I-N-A according to the structures 
beloW 
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In still more speci?c embodiments, the invention provides 
compounds of formulas I-N-A- l, I-N-A-2, I-N-A-3, I-N-A-4, 
I-N-A-5, I-N-A-6, I-N-A-7, and I-N-A-8, Where X is S. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas I-N-A- l, I-N-A-2, I-N 
A-3, I-N-A-4, I-N-A-5, I-N-A-6, I-N-A-7, and I-N-A-8, 
Where X is O. 

In still more speci?c embodiments, the invention provides 
compounds of formulas I-N-A-3, I-N-A-4, I-N-A-7, and I-N 
A-8, in Which X is S andY is S. 

In still more speci?c embodiments, the invention provides 
compounds of formulas I-N-A-3, I-N-A-4, I-N-A-7, and I-N 
A-8, in Which X is O andY is S. 

In still more speci?c embodiments, the invention provides 
compounds of formulas I-N-A-3, I-N-A-4, I-N-A-7, and I-N 
A-8, in Which X is S andY is O. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 6 
In still more speci?c embodiments, the invention provides 

compounds of formulas I-N-A-3, I-N-A-4, I-N-A-7, and I-N 
A-8, in Which X is O andY is O. 

In even more speci?c embodiments, the invention provides 
compounds of formula I-N-A according to the structures 
beloW 
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Z N 
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-continued 
I-A-6a 

R3 

g 
Z\ n YRS 

X 

R4 
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R2471) / / 
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In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas I-A-la, I-A-2a, I-A-3a, 
I-A-4a, I-A-5a, I-A-6a, I-A-7a, and I-A-8a, Where G is O. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas I-A-Ia, l-A-2a, I-A-3a, 
I-A-4a, I-A-5a, I-A-6a, I-A-7a, and I-A-8a, Where G is S. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas I-A-Ia, l-A-2a, I-A-3a, 
I-A-4a, I-A-5a, I-A-6a, I-A-7a, and I-A-8a, Where G is C(gl) 
(g2) 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas I-A-Ia, I-A-2a, I-A-3a, 
I-A-4a, I-A-5a, I-A-6a, I-A-7a, and I-A-8a, Where G is CH2. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas I-A-Ia, I-A-2a, I-A-3a, 
I-A-4a, I-A-5a, I-A-6a, I-A-7a, and I-A-8a, Where G is 
CH(CH3). 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas I-A-Ia, I-A-2a, I-A-3a, 
I-A-4a, I-A-5a, I-A-6a, I-A-7a, and I-A-8a, Where G is NH, 
according to the structures beloW 
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-continued 
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In still more speci?c embodiments, the invention provides 
compounds of formulas I-N-A-la, I-N-A-2a, I-N-A-3a, I-N 
A-4a, I-N-A-5a, I-N-A-6a, I-N-A-7a, and I-N-A-8a, Where X 
is S and Z is H, halogen, or unsubstituted or monosubstituted 
C l-C6 alkyl. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas I-N-A-la, I-N-A-2a, 
I-N-A-3a, I-N-A-4a, I-N-A-5a, I-N-A-6a, I-N-A-7a, and I-N 
A-8a, Where X is O and Z is H, halogen, or unsubstituted or 
monosubstituted C1-C6 alkyl. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas I-N-A-la, I-N-A-2a, 
I-N-A-3a, I-N-A-4a, I-N-A-5a, I-N-A-6a, I-N-A-7a, and I-N 
A-8a, Where n is l; X is O; and Z is H. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas I-N-A-la, I-N-A-2a, 
I-N-A-3a, I-N-A-4a, I-N-A-5a, I-N-A-6a, I-N-A-7a, and I-N 
A-8a, Where n is 2; X is O; and Z is H. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas I-N-A-la, I-N-A-2a, 
I-N-A-3a, I-N-A-4a, I-N-A-5a, I-N-A-6a, I-N-A-7a, and I-N 
A-8a, Where n is 3; X is O; and Z is H. 

In still more speci?c embodiments, the invention provides 
compounds of formulas I-N-A-3a, I-N-A-4a, I-N-A-7a, and 
I-N-A-8a, in Which X is S; Y is S; and Z is H, halogen, or 
unsubstituted or mono substituted C l-C6 alkyl. 

In still more speci?c embodiments, the invention provides 
compounds of formulas I-N-A-3a, I-N-A-4a, I-N-A-7a, and 
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30 
I-N-A-8a, in Which X is O, Y is S, and Z is H, halogen, or 
unsubstituted or mono substituted C1-C6 alkyl. 

In still more speci?c embodiments, the invention provides 
compounds of formulas I-N-A-3a, I-N-A-4a, I-N-A-7a, and 
I-N-A-8a, in Which X is S, Y is O, and Z is H, halogen, or 
unsubstituted or mono substituted C l-C6 alkyl. 

In still more speci?c embodiments, the invention provides 
compounds of formulas I-N-A-3a, I-N-A-4a, I-N-A-7a, and 
I-N-A-8a, in Which X is O, Y is O, and Z is H, halogen, or 
unsubstituted or mono substituted C1-C6 alkyl. 

In still more speci?c embodiments, the invention provides 
compounds of formulas I-N-A-la, I-N-A-Za, I-N-A-3a, I-N 
A-4a, I-N-A-5a, I-N-A-6a, I-N-A-7a, and I-N-A-8a, Where Z 
is unsubstituted or monosubstituted (CH2)WC3-C6 cycloalkyl. 

In still more speci?c embodiments, the invention provides 
compounds of formulas I-N-A-la, I-N-A-Za, I-N-A-3a, I-N 
A-4a, I-N-A-5a, I-N-A-6a, I-N-A-7a, and I-N-A-8a, Where X 
is S; Z is H, halogen, or unsubstituted or monosubstituted 
Cl-C6 alkyl; and R1 is halogen, CH3, CH2CH3, OCH3, 
OCH2CH3, CF3, OCF3, cyclopropyl, vinyl, CH3C(:O), 
CH3C(:O)Oi, CH3C(:O), CH3C(:O)NHi, CH3NHC 
(:O), or CH3C(:NH)NHi. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas I-N-A-la, I-N-A-Za, 
I-N-A-3a, I-N-A-4a, I-N-A-5a, I-N-A-6a, I-N-A-7a, and I-N 
A-8a, Where X is 0; Z is H, halogen, or unsubstituted or 
monosubstituted Cl-C6 alkyl; and R1 is halogen, CH3, 
CH2CH3, OCH3, OCH2CH3, CF3, OCF3, cyclopropyl, vinyl, 
CH3C(:O), CH3C(:O)Oi, CH3C(:O), CH3C(:O) 
NHi, CH3NHC(:O), or CH3C(:NH)NHi. 

In still more speci?c embodiments, the invention provides 
compounds of formulas I-N-A-3, I-N-A-4, I-N-A-7, and I-N 
A-8, in Which X is S; Y is S; Z is H, halogen, or unsubstituted 
or monosubstituted Cl-C6 alkyl; and R1 is halogen, CH3, 
CH2CH3, OCH3, OCH2CH3, CF3, OCF3, cyclopropyl, vinyl, 
CH3C(:O), CH3C(:O)Oi, CH3C(:O), CH3C(:O) 
NHi, CH3NHC(:O), or CH3C(:NH)NHi. 

In still more speci?c embodiments, the invention provides 
compounds of formulas I-N-A-3, I-N-A-4, I-N-A-7, and I-N 
A-8, in Which X is O, Y is S, Z is H, halogen, or unsubstituted 
or monosubstituted Cl-C6 alkyl; and R1 is halogen, CH3, 
CH2CH3, OCH3, OCH2CH3, CF3, OCF3, cyclopropyl, vinyl, 
CH3C(:O), CH3C(:O)Oi, CH3C(:O), CH3C(:O) 
NHi, CH3NHC(:O), or CH3C(:NH)NHi. 

In still more speci?c embodiments, the invention provides 
compounds of formulas I-N-A-3, I-N-A-4, I-N-A-7, and I-N 
A-8, in Which X is S, Y is 0, Z is H, halogen, or unsubstituted 
or monosubstituted Cl-C6 alkyl; and R1 is halogen, CH3, 
CH2CH3, OCH3, OCH2CH3, CF3, OCF3, cyclopropyl, vinyl, 
CH3C(:O), CH3C(:O)Oi, CH3C(:O), CH3C(:O) 
NHi, CH3NHC(:O), or CH3C(:NH)NHi. 

In still more speci?c embodiments, the invention provides 
compounds of formulas I-N-A-3, I-N-A-4, I-N-A-7, I-N-A-8, 
I-N-A-3a, I-N-A-4a, I-N-A-7a, and I-N-A-8a, in Which X is 
O, Y is 0, Z is H, halogen, or unsubstituted or monosubsti 
tuted Cl-C6 alkyl; and Ili is halogen, CH3, CH2CH3, OCH3, 
OCH2CH3, CF3, OCF3, cyclopropyl, vinyl, CH3C(:O), 
CH3C(:O)Oi, CH3C(:O), CH3C(:O)NHi, CH3NHC 
(:O), or CH3C(:NH)NHi. 

In still more speci?c embodiments, the invention provides 
compounds of formulas I-N-A-l, I-N-A-2, I-N-A-3, I-N-A-4, 
I-N-A-5, I-N-A-6, I-N-A-7, and I-N-A-8, Where Z is unsub 
stituted or monosubstituted C3 -C6 cycloalkyl; and R1 is halo 
gen, CH3, CH2CH3, OCH3, OCH2CH3, CF3, OCF3, cyclo 
propyl, vinyl, CH3C(:O), CH3C(:O)Oi, CH3C(:O), 
CH3C(:O)NHi, CH3NHC(:O), or CH3C(:NH)NHi. 
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In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas I-N-A-l, I-N-A-2, I-N 
A-3, I-N-A-4, I-N-A-5, I-N-A-6, I-N-A-7, and I-N-A-8, 
Where n is l; X is 0; R1 is halogen, methyl, methoxy, tri?uo 
romethyl, or tri?uoromethoxy; and Z is H, halogen, methyl, 
or tri?uoromethyl. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas I-N-A-l, I-N-A-2, I-N 
A-3, I-N-A-4, I-N-A-5, I-N-A-6, I-N-A-7, and I-N-A-8, 
Where n is 2; X is 0; R1 is halogen, methyl, tri?uoromethyl, 
methoxy, or tri?uoromethoxy; and Z is H, halogen, methyl, or 
tri?uoromethyl. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas I-N-A-l, I-N-A-2, I-N 
A-3, I-N-A-4, I-N-A-5, I-N-A-6, I-N-A-7, and I-N-A-8, 
Where n is 3; X is 0; R1 is halogen, methyl, tri?uoromethyl, 
methoxy, or tri?uoromethoxy; and Z is H, halogen, methyl, or 
tri?uoromethyl. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas I-N-A-la, I-N-A-2a, 
I-N-A-3a, I-N-A-4a, I-N-A-5a, I-N-A-6a, I-N-A-7a, and I-N 
A-8a, Where n is l; X is 0; R1 is halogen, methyl, tri?uorom 
ethyl, methoxy, or tri?uoromethoxy; and Z is H, halogen, 
methyl, or tri?uoromethyl. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas I-N-A-la, I-N-A-2a, 
I-N-A-3a, I-N-A-4a, I-N-A-5a, I-N-A-6a, I-N-A-7a, and I-N 
A-8a, Where n is 2; X is 0; R1 is halogen, methyl, tri?uorom 
ethyl, methoxy, or tri?uoromethoxy; and Z is H, halogen, 
methyl, or tri?uoromethyl. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas I-N-A-la, I-N-A-2a, 
I-N-A-3a, I-N-A-4a, I-N-A-5a, I-N-A-6a, I-N-A-7a, and I-N 
A-8a, Where n is 3; X is 0; R1 is halogen, methyl, tri?uorom 
ethyl, methoxy, or tri?uoromethoxy; and Z is H, halogen, 
methyl, or tri?uoromethyl. 

In additional embodiments, the invention provides com 
pounds of formulas IE-l, IE-2, IE-3, and IE-4, according to 
the structures beloW 
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-continued 

IE-3 

(Y) 

( I; / G 
R] §N 

In additional embodiments, the invention provides com 
pounds of formulas I-N-E-l, I-N-E-2, I-N-E-3, and I-N-E-4, 
according to the structures beloW 

R3 

In additional more speci?c embodiments, the invention 
provides compounds of formula IE-l, IE-2, IE-3, and IE-4, 
WhereX is S; nis l;qis l andYis S; Z is H, halogen, or Cl-C6 
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alkyl; R3 is methyl, ethyl, tri?uoromethyl, F, or Cl; and R4 is 
H, methyl, ethyl, tri?uoromethyl, F, or Cl. 

In additional more speci?c embodiments, the invention 
provides compounds of formula IE-l, IE-2, IE-3, and IE-4, 
WhereX is S; nis 2; qis l andYis S; Z is H, halogen, or Cl-C6 
alkyl; R3 is methyl, ethyl, tri?uoromethyl, F, or Cl; and R4 is 
H, methyl, ethyl, tri?uoromethyl, F, or Cl. 

In additional more speci?c embodiments, the invention 
provides compounds of formula IE-l, IE-2, IE-3, and IE-4, 
WhereX is O; nis l; qis l andYis 0; Z is H, halogen, orCl-C6 
alkyl; R3 is methyl, ethyl, tri?uoromethyl, F, or Cl; and R4 is 
H, methyl, ethyl, tri?uoromethyl, F, or Cl. 

In additional more speci?c embodiments, the invention 
provides compounds of formula IE-l, IE-2, IE-3, and IE-4, 
WhereX is O; nis 2; qis l andY is S; Z is H, halogen, or Cl-C6 
alkyl; R3 is methyl, ethyl, tri?uoromethyl, F, or Cl; and R4 is 
H, methyl, ethyl, tri?uoromethyl, F, or Cl. 

In additional more speci?c embodiments, the invention 
provides compounds of formula IE-l, IE-2, IE-3, and IE-4, 
WhereX is O; nis 3; qis l andY is S; Z is H, halogen, or Cl-C6 
alkyl; R3 is methyl, ethyl, tri?uoromethyl, F, or Cl; and R4 is 
H, methyl, ethyl, tri?uoromethyl, F, or Cl. 

In additional more speci?c embodiments, the invention 
provides compounds of formula IE-l, IE-2, IE-3, and IE-4, 
WhereX is O; nis l; q is Zero; Z is H, halogen, or Cl-C6 alkyl; 
R3 is methyl, ethyl, tri?uoromethyl, F, or Cl; and R4 is H, 
methyl, ethyl, tri?uoromethyl, F, or Cl. 

In additional more speci?c embodiments, the invention 
provides compounds of formula IE-l, IE-2, IE-3, and IE-4, 
WhereX is O; nis 2; q is Zero; Z is H, halogen, or Cl-C6 alkyl; 
R3 is methyl, ethyl, tri?uoromethyl, F, or Cl; and R4 is H, 
methyl, ethyl, tri?uoromethyl, F, or Cl. 

In additional more speci?c embodiments, the invention 
provides compounds of formula IE-l, IE-2, IE-3, and IE-4, 
WhereX is O; nis 3; q is Zero; Z is H, halogen, or Cl-C6 alkyl; 
R3 is methyl, ethyl, tri?uoromethyl, F, or Cl; and R4 is H, 
methyl, ethyl, tri?uoromethyl, F, or Cl. 

In still more speci?c embodiments, the invention provides 
compounds of formulas IA-l, IA-2, IA-3, IA-4, IA-5, IA-6, 
IA-7, and IA-8, Where n is l; X is S; Z is H, halogen, or 
unsubstituted or mono substituted Cl-C6 alkyl; and R5 is 
C3-C6 alkyl, (CHR6)WC3-C6 cycloalkyl, or (CHR6)WCH2C3 
C6 cycloalkyl. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas IA-l, IA-2, IA-3, IA-4, 
IA-5, IA-6, IA-7, and IA-8, Where n is l; X is 0; Z is H, 
halogen, or unsubstituted or mono substituted Cl-C6 alkyl; 
and R5 is C3-C6 alkyl, (CHR6)WC3-C6 cycloalkyl, or 
(CHR6)WCH2C3 -C6 cycloalkyl. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas IA-la, IA-2a, IA-3a, 
IA-4a, IA-5a, IA-6a, IA-7a, and IA-8a, Where n is l; X is 0; 
Z is H, halogen, or unsubstituted or monosubstituted Cl-C6 
alkyl; and R5 is C3-C6 alkyl, (CHR6)WC3-C6 cycloalkyl, or 
(CHR6)WCH2C3 -C6 cycloalkyl. 

In still more speci?c embodiments, the invention provides 
compounds of formulas IA-l, IA-2, IA-3, IA-4, IA-5, IA-6, 
IA-7, and IA-8, Where n is 2; X is S; Z is H, halogen, or 
unsubstituted or mono substituted Cl-C6 alkyl; and R5 is 
C3-C6 alkyl, (CHR6)WC3-C6 cycloalkyl, or (CHR6)WCH2C3 
C6 cycloalkyl. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas IA-l, IA-2, IA-3, IA-4, 
IA-5, IA-6, IA-7, and IA-8, Where n is 2; X is 0; Z is H, 
halogen, or unsubstituted or mono substituted Cl-C6 alkyl; 
and R5 is C3-C6 alkyl, (CHR6), C3-C6 cycloalkyl, or (CHR6), 
CH2C3-C6 cycloalkyl. 
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In additional still more speci?c embodiments, the inven 

tion provides compounds of formulas IA-la, IA-2a, IA-3a, 
IA-4a, IA-5a, IA-6a, IA-7a, and IA-8a, Where n is 2; X is 0; 
Z is H, halogen, or unsubstituted or monosubstituted Cl-C6 
alkyl; and R5 is C3-C6 alkyl, (CHR6)WC3-C6 cycloalkyl, or 
(CHR6)WCH2C3 -C6 cycloalkyl. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas IA-l, IA-2, IA-3, IA-4, 
IA-5, IA-6, IA-7, and IA-8, Where n is l; X is 0; Z is H, 
halogen, or unsubstituted or mono substituted C 1 -C4 alkyl; R5 

is C3-C6 alkyl, (CHR6)C3-C6 cycloalkyl, or CH2C3-C6 
cycloalkyl; and R1 is F, Cl, Br, CH3, CH2CH3, OCH3, 
OCH2CH3, CF3, OCF3, cyclopropyl, vinyl, CH3C(:O), 
CH3C(:O)Oi, CH3C(:O), CH3C(:O)NHi, CH3NHC 
(:O), CH3NHC(:NH)i, or CH3C(:NH)NHi. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas IA-la, IA-2a, IA-3a, 
IA-4a, IA-5a, IA-6a, IA-7a, and IA-8a, Where n is l; X is 0; 
Z is H, halogen, or unsubstituted or mono substituted Cl-C4 
alkyl; R5 is C3-C6 alkyl, (CHR6)C3-C6 cycloalkyl, or CH2C3 
C6 cycloalkyl; and R1 is F, Cl, Br, CH3, CH2CH3, OCH3, 
OCH2CH3, CF3, OCF3, cyclopropyl, vinyl, CH3C(:O), 
CH3C(:O)Oi, CH3C(:O), CH3C(:O)NHi, CH3NHC 
(:O), CH3NHC(:NH)i, or CH3C(:NH)NHi. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas IA-l, IA-2, IA-3, IA-4, 
IA-5, IA-6, IA-7, and IA-8, Where n is l; X is S; Z is H, 
halogen, or unsubstituted or mono substituted C 1 -C4 alkyl; R5 
is C3-C6 alkyl, (CHR6)C3-C6 cycloalkyl, or CH2C3-C6 
cycloalkyl; and R1 is F, Cl, Br, CH3, CH2CH3, OCH3, 
OCH2CH3, C133, OCF3, cyclopropyl, vinyl, CH3C(:O), 
CH3C(:O)Oi, CH3C(:O), CH3C(:O)NHi, CH3NHC 
(:O), CH3NHC(:NH)i, or CH3C(:NH)NHi. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas IA-l, IA-2, IA-3, IA-4, 
IA-5, IA-6, IA-7, and IA-8, Where n is 2; X is 0; Z is H, 
halogen, or unsubstituted or mono substituted CI-C4 alkyl; 

R5 is C3-C6 alkyl, (CHR6)C3-C6 cycloalkyl, or CH2C3-C6 
cycloalkyl; and R1 is F, Cl, Br, CH3, CH2CH3, OCH3, 
OCH2CH3, CF3, OCF3, cyclopropyl, vinyl, CH3C(:O), 
CH3C(:O)Oi, CH3C(:O), CH3C(:O)NHi, CH3NHC 
(:O), CH3NHC(:NH)i, or CH3C(:NH)NHi. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas IA-l a, IA-2a, IA-3a, 
IA-4a, IA-5a, IA-6a, IA-7a, and IA-8a, Where n is 2; X is 0; 
Z is H, halogen, or unsubstituted or mono substituted CI-C4 

alkyl; R5 is C3-C6 alkyl, (CHR6)C3-C6 cycloalkyl, or CH2C3 
C6 cycloalkyl; and R1 is F, Cl, Br, CH3, CH2CH3, OCH3, 
OCH2CH3, CF3, OCF3, cyclopropyl, vinyl, CH3C(:O), 
CH3C(:O)Oi, CH3C(:O), CH3C(:O)NHi, CH3NHC 
(:O), CH3NHC(:NH)i, or CH3C(:NH)NHi. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas IA-l, IA-2, IA-3, IA-4, 
IA-5, IA-6, IA-7, and IA-8, Where n is 2; X is S; Z is H, 
halogen, or unsubstituted or mono substituted C 1 -C4 alkyl; R5 
is C3-C6 alkyl, (CHR6)C3-C6 cycloalkyl, or CH2C3-C6 
cycloalkyl; and R1 is F, Cl, Br, CH3, CH2CH3, OCH3, 
OCH2CH3, CF3, OCF3, cyclopropyl, vinyl, CH3C(:O), 
CH3C(:O)Oi, CH3C(:O), CH3C(:O)NHi, CH3NHC 
(:O), CH3NHC(:NH)i, or CH3C(:NH)NHi. 

In additional still more speci?c embodiments, the inven 
tion provides compounds of formulas IA-l a, IA-2a, IA-3a, 
IA-4a, IA-5a, IA-6a, IA-7a, and IA-8a, Where X is 0; q is 
Zero; Z is H; n is l;R5 is C5-C6 alkyl or CH2C3-C6 cycloalkyl; 
R1 is F, Cl, Br, CH3, CH2CH3, OCH3, OCH2CH3, CF3, OCF3, 
cyclopropyl, vinyl, CH3C(:O), CH3C(:O)Oi, CH3C 
















































































